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Description 

BICYCLE POWER SUPPLY WITH MULTIPLE 
POWER STORAGE ELEMENTS 

Background of Invention 

[0001] The present invention is directed to bicycles and, more 

particularly, to a bicycle power supply with separate power 
storage elements. 

[0002] In recent years, bicycles have been equipped with a variety 
of electrical components. Such electrical components in- 
clude gear shift devices, suspension devices, display de- 
vices, and the control devices used to control them. For 
example, an automatic gear shifting device may use the 
signal from a speed sensor to automatically change gears 
in a gear shifting device based on bicycle speed. Such 
electrical components require power supplies for provid- 
ing the electrical power needed to operate them. Conven- 
tional power supplies typically comprise batteries that 
must be replaced when all the power is used up, and re- 
placing such batteries can be inconvenient. Furthermore, 



the electrical components become inoperable when the 
battery power is depleted, and this can be very inconve- 
nient when the battery power is depleted unexpectedly 
while riding. To overcome this problem, some power sup- 
plies store power derived from an AC generator in a stor- 
age element such as a capacitor, and the stored power is 
used to operate the electrical components. Such a system 
is shown in Japanese Unexamined Patent Application No. 
2001-245,475. 

[0003] Electrical components used on bicycles include those with 
a relatively large capacitances, such as motors, and those 
with relatively small capacitances, such as controllers. 
Such electrical components do not operate normally when 
the power supply voltage falls below a certain level. For 
example, CPUs used in controllers may be reset when the 
power supply voltage falls below a certain level, thus risk- 
ing the loss of data stored in an internal memory. Further- 
more, when the power supply voltage drops as a result of 
the operation of an electrical component with a high ca- 
pacitance, such as a motor, other electrical components 
(such as controllers) may malfunction. The operation of 
some electrical components also may produce electrical 
noise, thus causing malfunction of sensors connected to 



the controllers. Such noise may be caused by the sliding 

action of brushes in motors, switching noise caused by 

the operation of digital circuits, and so on. 
Summary of Invention 

[0004] The present invention is directed to various features of a 
bicycle power supply. In one embodiment, a bicycle power 
supply comprises first and second storage elements 
structured to receive power arising from an AC power 
supply for supplying power to first and second electrical 
components, respectively. A power inhibiting unit may be 
provided for preventing power from being communicated 
from the first storage element to the second electrical 
component and/or for preventing power from being com- 
municated from the second storage element to the first 
electrical component. Additional inventive features will 
become apparent from the description below, and such 
features alone or in combination with the above features 
may form the basis of further inventions as recited in the 

claims and their equivalents. 
Brief Description of Drawings 

[0005] Fig. 1 is a side view of a particular embodiment of a bicy- 
cle; 



[0006] Fig. 2 is an enlarged oblique view of the bicycle handlebar 
assembly; 

[0007] Figs. 3 and 4 together comprise a block diagram of a par- 
ticular embodiment of a control mechanism that controls 
a plurality of bicycle components by using multiple power 
storage elements; 

[0008] Fig. 5 is an external perspective view of a first control 
unit; 

[0009] Fig. 6 is a perspective view showing front surfaces of sec- 
ond and third control units; 

[0010] Fig. 7 is a perspective view showing back surfaces of the 
second and third control units; 

[0011] Fig. 8 is a block diagram of another embodiment of a 

control unit that controls a plurality of bicycle components 
by using multiple power storage elements; 

[0012] Fig. 9 is a block diagram of a particular embodiment of a 
power switch that may be used in the control unit shown 
in Fig. 8; 

[0013] Fig. 10 is a block diagram of another embodiment of a 

control unit that controls a plurality of bicycle components 
by using multiple power storage elements; 

[0014] Fig. 11 is a block diagram of another embodiment of a 

control unit that controls a plurality of bicycle components 



by using multiple power storage elements; and 

[0015] Fig. 12 is a block diagram of another embodiment of a 

control unit that controls a plurality of bicycle components 

by using multiple power storage elements. 
Detailed Description 

[0016] Fig. 1 is a side view of a bicycle that includes a power 

supply with multiple power storage elements. In this em- 
bodiment, the bicycle is a mountain bicycle comprising a 
frame 1 having a tubular frame body 2; a front fork 3 
mounted to the front of frame body 2 for rotation around 
an inclined axis; a front wheel 6 rotatably mounted to 
front fork 3; a handlebar assembly 4 mounted to the up- 
per portion of front fork 3; a rear wheel 7 rotatably 
mounted to a hub dynamo 10 at the rear portion of frame 
body 2, a driving portion 5 comprising front and rear 
gear-shift mechanisms 8 and 9; and a controller 11 (Figs. 
3 and 4) for controlling various electrical components in- 
cluding front and rear gear-shift mechanisms 8 and 9. A 
front suspension 13f is mounted to front fork 3, a rear 
suspension 13r is mounted to the rear of frame body 2, 
and a saddle 18 is mounted to the middle of frame body 
2. 

[0017] As shown in Fig. 2, handlebar assembly 4 comprises a 



handle stem 12 and a handlebar 15, wherein handle stem 
12 is fastened to the upper portion of the front fork 3, 
and handlebar 15 is fastened to handle stem 12. Brake 
levers 16 and grips 17 are mounted at opposite ends of 
the handlebar 15. Gear-shift switches 20a and 20b are 
provided for carrying out manual gear-shift operations of 
the front and rear gear-shift mechanisms 8 and 9. An op- 
erating switch 21a is provided for switching between an 
automatic mode and a manual mode of operation, and an 
operating switch 21b is provided for manually adjusting 
the stiffness of the front and rear suspensions 13f and 
13r. 

[0018] Front gear-shift mechanism 8 comprises a crank arm as- 
sembly 27 including a right side crank arm 27a and a left 
side crank arm 27b mounted to a crankshaft (not shown) 
that is rotatably mounted within a bottom bracket portion 
of frame body 2. A plurality of front sprockets (e.g., three 
sprockets) are mounted to crank arm 27a, and a front de- 
railleur 26f is mounted to frame body 2 in close proximity 
to crank arm 27a for switching a chain 29 among the plu- 
rality of front sprockets. Rear gear-shift mechanism 9 
comprises a plurality of rear sprockets (e.g., nine sprock- 
ets) and a rear derailleur 26r mounted to the rear of frame 



body 2 for switching chain 29 among the plurality of rear 
sprockets. 

[0019] The hub dynamo 10 mounted to rear wheel 7 is adapted 
to mount a brake disc 60 and a freewheel to which the 
plurality of rear sprockets are mounted. An alternating 
current generator 19 (Fig. 3) is mounted inside the hub 
for generating power according to the rotation of the rear 
wheel 7. 

[0020] A rotation detector 22 operates in conjunction with the 
left crank arm 27b for detecting the rotation of the crank 
arm assembly 27. Rotation detector 22 comprises a reed 
switch 23 mounted to frame body 2 and a plurality of 
(e.g., four) magnets mounted to left crank arm 27b such 
that the magnets are circumferentially spaced evenly with 
respect to the rotational axis of crank arm assembly 27. 
Thus, reed switch 23 outputs four pulses for each revolu- 
tion of crank arm assembly 27. In this embodiment, the 
rotation detector 22 is used to control the operation of 
the front and rear externally mounted gear-shift mecha- 
nisms 8 and 9, since it is preferable that the gear-shift 
mechanisms be operated only when the crank arm assem- 
bly 27 is rotating. The signals from rotation detector 22 
also may be used to calculate and display cadence. 



[0021] Controller 11 manually controls the front and rear gear- 
shift mechanisms 8 and 9 and front and rear suspensions 
13f and 13r in response to the operation of the gear-shift 
switches 20a and 20b and operating switches 21a and 
21b. Controller 11 also may automatically control the 
front and rear gear-shift mechanisms 8 and 9 and front 
and rear suspensions 13f and 13r in response to the 
speed of the bicycle. 

[0022] As shown in Figs. 3 and 4, controller 11 has a first control 
unit 30, a second control unit 31, and a third control unit 
32. First control unit 30 may be integrally assembled with 
front derailleur 26 at the bottom bracket portion of frame 
body 2 in close proximity to the left crank arm 27b as 
shown in Fig. 2. First control unit 30 is connected to and 
is powered by alternating current generator 19 through an 
electrical connecting cord 65. First control unit 30 powers 
and controls the front derailleur 26f through internal 
wiring, it powers and controls the rear derailleur 26r 
through an electrical connecting cord 69, and it powers 
and controls rear suspension 13r through an electrical 
connecting cord 68. First control unit 30 also supplies 
power and control signals to the second control unit 31 
and third control unit 32 through an electrical connecting 



cord 66. Since first control unit 30 is provided close to the 
alternating current generator 19, a shorter connecting 
cord 65 may be used, thus increasing the efficiency of 
signal communication. 

[0023] The first control unit 30 includes a first control compo- 
nent 35 in the form of a microcomputer, the reed switch 
23, a waveform-shaping circuit 36 for generating a speed 
signal derived from the output of the alternating current 
generator 19, a charging control circuit 33, a first storage 
element 38a for storing power from charging control cir- 
cuit 33, a power switch 28 connected to first storage ele- 
ment 38a, a second storage element 38b connected to 
first storage element 38a through a power inhibiting unit 
such as a diode 42 (an example of a reverse current in- 
hibiting unit), a power transmission circuit 34 connected 
to second storage element 38b, a front derailleur motor 
driver (FMD) 39f, a rear derailleur motor driver (RMD) 39r, 
a front derailleur operating location (position) sensor (FLS) 
4 If, a rear derailleur operating location (position) sensor 
(RLS) 41r, and a rear suspension motor driver (RSD) 43r. 

[0024] The charging control circuit 33 comprises a rectifier cir- 
cuit 37 and a power switch 40. Rectifier circuit 37 rectifies 
the power output from the alternating current generator 



19, and power switch 40 selectively communicates the di- 
rect current produced by rectifier circuit 37 to first stor- 
age element 38a in response to control signals from first 
control component 35. Power switch 40 is used to prevent 
excessive voltage from being stored in first storage ele- 
ment 38a. More specifically, first control component 35 
monitors the voltage in first storage element 38a. First 
control component 35 outputs a signal to turn off power 
switch 40 when the monitored voltage is over a certain 
voltage (such as 7 volts), and first control component 35 
outputs a signal to turn on power switch 40 when the 
monitored voltage is under a certain voltage (such as 5.5 
volts). 

[0025] The first and second power storage elements 38a and 38b 
may comprise large-capacity double layer capacitors, for 
example, for storing the direct current power produced by 
charging control circuit 33. If desired, the first and/or 
second power storage elements 38a and 38b may com- 
prise secondary storage batteries such as a nickel cad- 
mium battery, lithium ion battery, nickel hydride battery, 
etc. instead of capacitors. 

[0026] In this embodiment, the power stored in the first power 
storage element 38a is used primarily as a power source 



for electrical components that consume more power and 
have greater capacitance such as the suspensions 13f and 
13r and the derailleurs 26f and 26r, and particularly the 
motor drivers 39f and 39r, the driving motors 44f and 44r 
used to move derailleurs 26f and 26r, the suspension mo- 
tor drivers 43f (Fig. 4) and 43r, and the driving motors 
(not shown) used to move the front and rear suspensions 
13f and 13r in accordance with control signals from first 
control unit 35. The power stored in the second power 
storage element 38b is used primarily as a power source 
for electrical components that consume less power and 
have lower capacitance such as the first control compo- 
nent 35 and other components described below. Diode 42 
is provided so that current flows in only one direction 
from the first storage element 38a to the second storage 
element 38b without the need for further control. Current 
is not allowed to flow from second storage element 38b to 
first storage element 38a for reasons discussed below. 
[0027] The first control unit 30 controls the gear shift devices 8 
and 9 and the rear suspension 13 in accordance with the 
riding mode. More specifically, in automatic mode, the 
first control unit 30 performs gear shift control of the 
gear shift devices 8 and 9 in response to the bicycle speed 



and adjusts the stiffness of the rear suspension 13r in re- 
sponse to the bicycle speed. In manual mode, the gear 
shift devices 8 and 9 and the rear suspension 13r are 
controlled in response to the operation of the gear shift 
switches 20a and 20b and the operation switches 21a and 
21b. 

[0028] As noted above, first control unit 30 supplies power and 
control signals to the second control unit 31 and third 
control unit 32 through an electrical connecting cord 66. 
More specifically, electrical connecting cord 66 is con- 
nected to first control component 35 directly, to first stor- 
age element 38a through power switch 28, and to second 
storage element 38b through power transmission circuit 
34. Power switch 28 selectively provides power from first 
storage element 38a to second control unit 31 in a man- 
ner discussed below. Composite power/control signals 
that are pulsed ON and OFF (pulse code modulated sig- 
nals) are provided to second control unit 31 and third 
control unit 32 through power transmission circuit 34. 
The control signals may be formed in response to the 
speed signals from waveform-shaping circuit 36 as well 
as from distance information, derailleur position, riding 
mode (e.g., manual or automatic) suspension stiffness. 



etc. The second and third control units 31 and 32 are 
controlled according to the control signal components of 
the composite signals. The use of composite power/con- 
trol signals reduces the number of wires that ordinarily 
would be required by providing separate power and con- 
trol lines for each control element. 

[0029] jhe first control unit 30 has a case 70 (Fig. 5) that houses 
the various electrical components discussed above. As 
shown in Fig. 5, case 70 includes a terminal board 71 
used for mounting the connecting cords 65 and 68 and 
two chassis plugs 72 and 73 used for mounting the con- 
necting cords 66 and 69, respectively. A chassis socket 
66a having a plurality of (e.g., four) female terminals 
mounted to one end of the connecting cord 66 is con- 
nected to chassis plug 72, which has a corresponding plu- 
rality of male terminals or pins, and the other end of con- 
necting cord 66 is connected to the second control unit 
3 1. A chassis socket 69a mounted to one end of the con- 
necting cord 69 is connected to chassis plug 73, and the 
other end of the connecting cord 69 is connected to the 
rear derailleur 26r. 

[0030] A pair of plate-shaped male FASTON terminals 71a and 
71b and a pair of screw terminals 71c and 71d are dis- 



posed on the terminal board 71. A pair of female FASTON 
terminals 65a that are crimped onto one end of the con- 
necting cord 65 are connected to the male FASTON termi- 
nals 71a and 71b, and the other end of connecting cord 
65 is connected to alternator 19. A pair of Y-terminals 
68a that are crimped to one end of the connecting cord 
68 are connected to the screw terminals 71c and 71d, and 
the other end of connecting cord 68 is connected to rear 
suspension 13. Because the terminal configurations of the 
connecting cord 65 connected to the alternator 19 and the 
connecting cord 68 connected to the rear suspension 13 
are different, the connecting cords 65 and 68 cannot be 
mistakenly connected in place of each other. As a result, 
damage to the various circuits inside the first control unit 
30, which could easily take place if a mistaken connection 
were to occur, can be prevented. 
[0031] The second control unit 31 is mounted via a bracket 50 

(Figs. 2, 6 and 7) to the handlebar 15 of the handlebar as- 
sembly 4. The second control unit 31 includes gear-shift 
switches 20a and 20b, operating switches 21a and 21b, 
and a buffer 48 connecting gear-shift switches 20a and 
20b and operating switches 21a and 21b to electrical con- 
necting cord 66 for providing the operating data from 



these components to first control component 35 in first 
control unit 30. Second control unit 31 also includes a 
second control component 45 in the form of a microcom- 
puter and a front suspension motor driver (FSD) 43f, 
wherein second control component 45 and front suspen- 
sion motor driver 43f are connected to power switch 28 in 
first control unit 30 through electrical connecting cord 66. 
Finally, second control unit 31 includes a first receiver cir- 
cuit 46 (connected to second control component 45) and a 
third storage element 38c, wherein first receiver circuit 46 
and third storage element 38c are connected to power 
transmission circuit 34 in first control unit 30 through 
electrical connecting cord 66. 
[0032] First receiver circuit 46 extracts the control signals from 
the composite power/control signals from power trans- 
mission circuit 34 and supplies the control signals to sec- 
ond control unit 45. Third storage element 38b may be a 
relatively low capacity capacitor such as an electrolytic ca- 
pacitor that is charged by the power component of the 
composite power/control signals from power transmission 
circuit 34 and provides smooth operating power to buffer 
48. 

[0033] Buffer 48 may be an operational amplifier capable of 



keeping the input and output voltage constant, and it is 
provided to stabilize the analog voltage signals from the 
shift switches 20a and 20b and the operating switches 
21a and 21b. Because the connecting cord 66 uses 
crimped contacts, the structure may not be amenable to 
full protection, such as water-proofing, with the resulting 
danger of fluctuations in voltage as a result of current 
leakage caused by drops of water or the like. Buffer 48 
can keep the input and output voltages constant despite 
such fluctuations, thus allowing signals with voltage sta- 
bilized by the power from the third storage element 38c 
to be input to the first control component 35. 
[0034] Second control unit 31 operates primarily from the power 
received from first storage element 38a in first control 
unit 30 through power switch 28, and it controls the front 
suspension 13f according to the operating mode. More 
specifically, in automatic mode, second control compo- 
nent 45 adjusts the stiffness of the front suspension 13f 
through an electrical connecting cord 67 in accordance 
with a control signal sent from the first control unit 30 
based on bicycle speed. In manual mode, second control 
component 45 adjusts the stiffness of the front suspen- 
sion 13f in accordance with the operation of the operating 



switch 21b. In this embodiment, second control compo- 
nent 45 and the front suspension motor driver 43f oper- 
ate only when the front suspension 13f is to be adjusted, 
and this is controlled by the first control component 35 in 
first control unit 30 through power switch 28. Such oper- 
ation minimizes unnecessary consumption of power from 
first storage element 38a. 

[0035] As shown in Figs. 6 and 7, the second control unit 31 has 
a case 75 that houses the various electrical components 
described above. A terminal board 76 used for mounting 
the connecting cords 66 and 67 is disposed on the back 
surface of the case 75, and six screw terminals 76a- 76f 
are disposed on the terminal board 76. 

[0036] Connecting cord 66 comprises four core wires 66g-66j. 
Of these core wires, the core wire 66g may be a ground 
wire for the other three wires. The core wire 66h may be 
used to supply electric power and operating data such as 
speed or derailleur position to the third control unit 32 
from power transmission circuit 34 in first control unit 30. 
The core wire 66i may provide signals from the gear shift 
switches 20a and 20b and the operation switches 21a and 
21b, for example, to the first control unit 30 through 
buffer 48. In this embodiment, the current flowing 



through core wire 66i is an analog current having a differ- 
ent voltage for each switch by using a voltage divider. The 
core wire 66j may be used to supply electric power from 
power switch 28 in first control unit 30 to drive the sec- 
ond control component 45 and the front suspension mo- 
tor driver 43f. Four Y-terminals 66b-66e that are con- 
nected to screw terminals 76a-76d are crimped onto the 
four core wires 66g-66j. These Y-terminals 66b-66e are 
crimped onto the four core wires 66g-66j after the con- 
necting cord 66 has been sized and cut in accordance with 
the bicycle model configuration and/or the size of the 
frame body 2. 

[0037] jwo Y-terminals 67a and 67b that are connected to screw 
terminals 76e and 76f are crimped onto one end of the 
connecting cord 67, and the other end of the connecting 
cord 67 is connected to the front suspension 13f. Con- 
necting cords 77 and 78 extend from the case 75, wherein 
connecting cord 77 is connected to the gear shift switch 
20a and to the operation switch 21a, and connecting cord 
78 is connected to the gear shift switch 20b and to the 
operation switch 21b. These cords 77 and 78 terminate at 
the screw terminals 76c and 76d through buffer 48. 

[0038] As shown in Figs. 6 and 7, a guiding cavity 75a having a 



pair of notches 75c is formed on the front surface of the 
case 75. A locl<ing piece 75b also is formed on the front 
surface of case 75. Protrusions 80c disposed on the back 
of a case 80 that houses the electrical components of the 
third control unit 32 slidingly and detachably engage the 
notches 75c, and a concavity 80b disposed on the back of 
case 80 of third control unit 32 engages with the locking 
piece 75b. Locking piece 75b possesses a degree of plia- 
bility that enables it to detachably engage concavity 80b. 
Finally, a pair of contact points 75e formed on the front 
surface of case 75 electrically contact a corresponding 
pair of contact points 80d formed on the back of case 80 
of third control unit 32. 

[0039] Third control unit 32 is a so-called cycle computer, and it 
is detachably mounted to second control unit 31 as noted 
above. A battery 59 (e.g., a button battery) is mounted 
within third control unit 32 so that third control unit 32 
can operate even if it is detached from second control unit 
32. Consequently, various initial settings such as the 
wheel diameter setting may be performed, and various 
data such as the distance ridden and the time ridden can 
be stored therein. 

[0040] Third control unit 32 includes a third control component 



55 in the form of a microcomputer. A liquid crystal display 
(LCD) unit 56, a backlight 58, a second receiving circuit 61 
and a fourth storage element 38d are connected to third 
control component 55. Backlight 58 is coupled to fourth 
storage element 38d through a power stabilizing circuit 
57. These electrical components are housed within case 
80. 

[0041] jhe LCD unit 56 is capable of displaying various data such 
as speed, cadence, travel distance, gear-shift location, 
suspension status and so forth through a display window 
80a disposed on the front of case 80 in response to con- 
trol signals received from first control unit 30, and it is il- 
luminated by the backlight 58. Second receiver circuit 61 
and fourth storage element 38d are connected to power 
transmission circuit 34 in first control unit 30 through 
electrical connecting cord 66 in parallel with first receiver 
circuit 46 and third storage element 38c in second control 
unit 31. Second receiver circuit 61 extracts the control 
signals from the composite power/control signals from 
power transmission circuit 34 and supplies the control 
signals to third control component 45. Fourth storage ele- 
ment 38d may be a relatively low capacity capacitor such 
as an electrolytic capacitor that is charged by the power 



component of the composite power/control signals and 
provides operating power to tliird control component 45 
and power stabilizing circuit 57. The power stabilization 
circuit 57 smoothes the power derived from the compos- 
ite power/control signals. Consequently, even where in- 
termittent control signals are sent together with the power 
signals, there is little flickering in the backlight 58. The 
third control unit 32 also may function as a pedometer if 
it is detached from the second control unit 31. Providing a 
dedicated third control component 55 allows the LCD unit 
56 to respond quickly to changing conditions, and the 
first and second control units 30 and 31 need not be used 
to control the LCD unit directly. 
[0042] In operation, the alternating current generator 19 of the 
dynamo hub 10 generates electric current when the bicy- 
cle is traveling, the electric current is communicated to 
the first control unit 30 through the electrical connecting 
cord 65, and power derived from the electric current is 
stored in the first and second storage elements 38a and 
38b. Since the generator 19 is provided on the rear wheel 
7, the first and second storage elements 38a and 38b also 
may be charged by putting the bicycle on its stand and 
rotating the pedals if the charge produced by normal 



travel is insufficient. Tiiis is particularly helpful when ad- 
justing the gear shift mechanisms and setting the opera- 
tions of the LCD unit 56. 
[0043] When the operating switches 21a and 21b or the shifting 
switches 20a and 20b are activated, signals with differing 
analog voltages are output through the buffer 48 to the 
first control component 35, and signals for manually con- 
trolling the derailleurs 26f and 26r, signals for manually 
controlling the suspensions 13f and 13r or signals for 
changing the mode are produced by the first control com- 
ponent 35. 

[0044] Waveform shaping circuit 36 derives speed signals from 
the alternating current generator 19, thus eliminating the 
need for a separate speed sensor. In automatic mode, 
when the bicycle speed either exceeds a predetermined 
threshold value or falls below a predetermined threshold 
value, a gear shift operation is carried out. In this embod- 
iment, the gear shift operation is carried out with priority 
given to the rear derailleur 26r. When the speed exceeds a 
predetermined threshold value in automatic mode, the 
stiffness of both suspensions 13f and 13r also may be in- 
creased. In the meantime, various operating parameters 
are displayed on LCD unit 56 with the help of backlight 



58. 

[0045] First control component 35 provides control signals to 

power transmission circuit 34 in response to data such as 
speed, distance, gear stage, operating mode (e.g., auto- 
matic or manual), suspension rigidity, and so on, and 
power transmission circuit 34 modulates the power sig- 
nals from second storage element 38b to generate the 
composite power/control signals communicated to second 
control unit 31 and third control unit 32 through connect- 
ing cord 66. First control component 35 also provides 
control signals to power switch 28 to selectively provide 
power to second control component 45 and the front sus- 
pension motor driver 43f over connecting cord 66 when- 
ever adjustment of front suspension 13f is desired. The 
second control component 45 is powered by the signals 
from first storage element 38a, and signals for controlling 
the front suspension 13f are derived from the control sig- 
nal components of the composite power/control signals 
from power transmission circuit 34. In the third control 
component 55, the speed and other types of data derived 
from the control signal portion of the composite power/ 
control signals are output to the LCD unit 56. In this em- 
bodiment, all of the components in third control unit 32 



are powered and controlled by the composite power/ 
control signals from power transmission circuit 34 which, 
in turn, arise from second storage element 38b. 
[0046] The voltage in the first storage element 38a may drop 
when an electrical component having relatively large ca- 
pacitance is operated. Such electrical components often 
include motor-driven components such as the derailleurs 
26f and 26r or the suspensions 13f and 13r. If the first 
storage element 38a were used as the power source for all 
of the electrical components, there is the danger that the 
first control component 35, third control component 55, 
or liquid crystal display 56 could malfunction or be reset 
as a result of voltage drops when the high capacitance 
electrical components are operated. However, in this em- 
bodiment, second storage element 38b, which is con- 
nected to first storage element 38a by diode 42, serves as 
the power source for the low capacitance electrical com- 
ponents. The diode 42 prevents current flow from second 
storage element 38b towards first storage element 38a or 
towards the high capacitance electrical components, thus 
preserving the voltage at second storage element 38b. 
Thus, the operation of the high capacitance electrical 
components does not affect the operation of the low ca- 



pacitance electrical components. Current still flows from 
first storage element 38a to second storage element 38b 
to recharge second storage element 38b when the voltage 
in second storage element 38b drops, thus further en- 
hancing stability. The first storage element 38a serves as 
the power source for the second control component 45, 
but since it is off except when the suspension 13f is being 
controlled, the second control component is less suscep- 
tible to the effects of decreased voltage in the first stor- 
age element 38a. 

[0047] While the above is a description of various embodiments 
of inventive features, further modifications may be em- 
ployed without departing from the spirit and scope of the 
present invention. For example, in the first embodiment 
described above, the first storage element 38a and second 
storage element 38b were connected by a diode 42. How- 
ever, as shown in Fig. 8, the first and second storage ele- 
ments 38a and 38b may be connected in parallel to power 
switch 40. Parts that are the same as those in the first 
embodiment will not be described again. 

[0048] In this embodiment, a diode 42a is placed between the 
second storage element 38b and the power switch 40 to 
prevent current from flowing back to the first storage ele- 



ment 38a. Another diode 42b may be placed between the 
power switch 40 and first storage element 38a, but that is 
not necessary. This structure will result in the same ef- 
fects as the first embodiment. 
[0049] In another modification of this embodiment shown in Fig. 
9, the voltage in the storage elements 38a and 38b may 
be individually monitored by the first control component 
35, and current flow to the storage elements 38a and 38b 
may be individually turned on and off by two switches 40a 
and 40b provided in the power switch 40. A voltage stabi- 
lization circuit 49 also may be connected to the second 
storage element 38b, thus allowing power having constant 
voltage to be supplied to the electrical components in the 
control system despite fluctuations in voltage. The voltage 
stabilization circuit 49 also may be connected to the sec- 
ond storage element 38b in the embodiment illustrated in 
Fig. 4. 

[0050] The first diode 42a prevents current from flowing back to 
the first storage element 38a from the second storage el- 
ement 38b as noted above, but reverse current also may 
be prevented by turning off the second switch 40b in the 
power switch 40. That would eliminate the need for using 
diode 42a. The second switch 40 b may be turned off 



during the operation, for example, of an electrical compo- 
nent that is operated by power supplied from the first 
storage element 38a (such as the motor drivers). 
[0051] As shown in Fig. 10, the storage element used as the 

power source for low-capacitance electrical components 
may comprise split storage elements such as second stor- 
age element 38b and a fifth storage element 38e. Second 
storage element 38b may be used as the power source for 
a control circuit 35a (digital circuit) within first control 
component 35, and fifth storage element 38e may be 
used as the power source for a sensor circuit 35b that 
may include operating location sensors 41f and 41r for 
the front and rear derailleurs 26f and 26r or the reed 
switch 23. In this embodiment, the power switch 40 com- 
prises three switches 40a-40c. The first switch 40a is 
connected to the first storage element 38a by diode 42b, 
the second switch 40b is connected to the second storage 
element 38b by diode 42a, and the third switch 40c is 
connected to fifth storage element 38e by a diode 42c. As 
a result, power can be supplied to the sensor circuit 35b 
from the dedicated fifth storage element 38e, thus reduc- 
ing the chance that noise generated by the operation of 
the digital circuitry within control circuit 35a may ad- 



versely affect the operation of the sensor circuit 35b. 

[0052] As shown in Fig. 11, the storage element serving as the 

power source for high-capacitance driving electrical com- 
ponents may comprise split storage elements such as first 
storage element 38a and a sixth storage element 38f. The 
first and sixth storage elements 38a and 38f may each 
comprise electric double-layer capacitors having the same 
capacitance. The first and sixth storage elements 38a and 
38f are connected in parallel to high capacitance electrical 
components such as the motor drivers 39f, 39r, and 43f. 
Diodes 42d and 42e are connected at the output terminals 
of the first and sixth storage elements 38a and 38f to 
prevent reverse current from flowing from one storage el- 
ement to the other, in this embodiment, power switch 40 
comprises three switches 40a-40c. The first switch 40a is 
connected to the sixth storage element 38f through diode 
42c, the second switch 40b is connected to the first stor- 
age element 38a through diode 42b, and the third switch 
40c is connected to the second storage element 38b 
through diode 42a. 

[0053] As a result of this construction, the sixth storage element 
38f may be charged after the first storage element 38a 
has been charged. Charges staggered in this manner allow 



the first storage element 38a to rapidly store power up to 
the necessary voltage. The two storage elements 38a and 
38f thus can be discharged for rapid supply of voltage 
sufficient for operation, despite low charge levels. 

[0054] As shown in Fig. 12, the storage elements serving as 

power sources for the high-capacitance electrical compo- 
nents may be divided into split storage elements such as 
the first storage element 38a supplying power to the mo- 
tor drivers 39f and 39r for the front and rear derailleurs 
26f and 26r and a sixth storage element 38f supplying 
power to the motor drivers 43r and 43f (Fig. 4) for the 
front and rear suspensions 13f and 13r. The first and 
sixth storage elements 38a and 38f may comprise of elec- 
tric double-layer capacitors, and first storage element 38a 
may have a higher capacitance since it is used more fre- 
quently for control purposes. Sixth storage element 38f is 
connected to the motor driver 43f (Fig. 4) through power 
switch 28. As a result of this construction, the high capac- 
itance components may be reliably controlled even when 
the timing requires the simultaneous operation of the de- 
railleurs 26f and 26r and the suspensions 13f and 13r. 

[0055] First storage element 38a was used as the power source 
for the second control component 45 in the above em- 



bodiments, but the second storage element 38b may be 
used as the power source for the second control compo- 
nent 45 in other applications. Motor-driven derailleurs 
and suspensions were provided as examples of high ca- 
pacitance electrical components in the above embodi- 
ments, but high capacitance components may include 
electrical components driven by an actuator, such as 
solenoid-driven components, or by other components 
whose operation may adversely affect the operation of 
other components. 

[0056] A hub dynamo mounted on the rear hub of a bicycle was 
provided as an example of an AC generator in the above 
embodiments, but a hub dynamo mounted on the front 
hub and rim dynamos in contact with the rim of a wheel 
also may be used. No power sources for front head lights 
were include in the above embodiments, but AC power 
generated by the AC generator 19 may be used for such 
purposes. First control component 35 or a dedicated con- 
troller may use signals from a brightness sensor to control 
lighting according to ambient lighting. 

[0057] The size, shape, location or orientation of the various 
components may be changed as desired. Components 
that are shown directly connected or contacting each 



other may have intermediate structures disposed between 
them. The functions of one element may be performed by 
two, and vice versa. The structures and functions of one 
embodiment may be adopted in another embodiment. It is 
not necessary for all advantages to be present in a partic- 
ular embodiment at the same time. Every feature that is 
unique from the prior art, alone or in combination with 
other features, also should be considered a separate de- 
scription of further inventions by the applicant, including 
the structural and/or functional concepts embodied by 
such feature(s). Thus, the scope of the invention should 
not be limited by the specific structures disclosed or the 
apparent initial focus or emphasis on a particular struc- 
ture or feature. 



